Background: Somatosensory profiling in affected and non-affected body regions can strengthen our insight regarding the underlying pain mechanisms, which can be valuable in treatment decision making and to improve outcomes, in patients with degenerative lumbar spine disorders pre-surgery. The aim was to describe somatosensory profiles in patients with degenerative lumbar spine disorders, to identify the proportion with altered somatosensory profile, and to analyze demographic characteristics, self-reported function, pain, and health pre-and 3 months post-surgery.
(Continued from previous page) Conclusions: On a group level, patients with degenerative lumbar spine disorders scheduled for surgery were within normal range for the QST measurements compared to reference values. On an individual level, an altered somatosensory profile outside of normal range in both affected and non-affected body regions occurred in 22% of patients, which may indicate disturbed somatosensory function. Those patients had mostly loss of sensory function and had worse self-reported outcome pre-surgery, compared to the rest of the cohort. Future prospective studies are needed to further examine whether these dimensions can be useful in predicting post-surgery outcome and guide need of additional treatments.
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Background
Among patients scheduled for spinal surgery due to degenerative lumbar spine disorders (e.g., disc herniation, spinal stenosis, spondylolisthesis, or degenerative disc disease), a majority have experienced pain for over three months. Persistent pain results from a complex interplay of many factors. Maladaptive neuroplastic changes in the central nervous system can be influenced by orthopedic structural pathology, as well as biochemical and psychosocial factors [1] . Such changes can result in increased pain sensitivity, and alterations of somatosensory or sensory function leading to amplified responses to nociception from localized spinal pathology, reduced pain thresholds, or widening distribution of pain [1] .
In patients with low back pain (LBP), bedside neurological testing is recommended [2] . However, quantitative sensory testing (QST) can provide more specific and quantifiable somatosensory or sensory profiling [3] . QST assesses the function of; small myelinated A-delta fibers that conduct cold sensations and deep pain sensitivity, small unmyelinated C-fibers that conduct warmth, heatpain sensations and deep pain sensitivity [4] , and large Abeta fibers for light touch [3] . Perception in response to mechanical, thermal, or electrical stimulation at a controlled intensity [4, 5] can therefore be used to test sensory detection, pain thresholds, and pain summation [3] .
QST can detect gain of sensory function in the form of lowered sensory thresholds (e.g., hyperesthesia and hyperalgesia) and loss of sensory function (e.g., hypoesthesia and hypoalgesia) [3, 4] . Through QST profiling in both affected and non-affected body regions, LBP symptoms can be more thoroughly assessed to determine the extent of localized hypoesthesia and hyperalgesia, due to increased nociceptive input in affected body region [6] or generalized hyperalgesia when there is alteration even in other body regions (arm and leg) not affected by LBP [7] . In patients with disc herniation, generalized deep tissue hyperalgesia has been reported using QST on the infraspinatus and anterior tibialis muscles [8] . Hypoesthesia to thermal detection in affected dermatome was reported among patients with sciatica [9, 10] and in patients with disc herniation scheduled for surgery, one study with 21 participants has reported both hypoesthesia and hypoalgesia in affected dermatome [11] . There is a lack of data about somatosensory function in patients with degenerative lumbar spine disorders, as for instance spinal stenosis or disc herniation, which represent the two largest groups that undergo spinal surgery [12] . Somatosensory profiling in both affected and nonaffected body regions together with analysis of other biopsychosocial factors can strengthen our insight regarding the underlying pain mechanisms, which may help to guide the pre-surgical clinical decision-making process and need of additional management that may improve surgical outcomes [5] . The aim was to describe somatosensory profiles in patients with degenerative lumbar spine disorders, to identify the proportion with altered somatosensory profile, and to analyze demographic characteristics, self-reported function, pain, and health pre-and 3 months post-surgery.
Methods
This prospective cohort study with cross sectional and prospective analysis investigated pre-surgery sensory profiles and biopsychosocial factors. The study conforms to the STROBE statement checklist for cohort studies. The patients received oral and written information about the study 1week before the measurements. All participants provided signed consent at the time of QST measurements. The study was approved by the Regional Ethics Committee (Dnr 2013/410-31).
Participants and settings
A total of 105 patients were consecutively recruited at a Spine Clinic at a University Hospital, in Sweden, between September 2013 and December 2014. Inclusion criteria were; patients scheduled for surgery due to: disc herniation, spinal stenosis, spondylolisthesis (Grade 4) or degenerative disc disease, age between 25 and 80 years and fluent in Swedish. Exclusion criteria were; indication for acute surgery, previous surgery at the same spinal level or severe grade of pathology. Seventeen eligible patients chose not to participate due to the requirement of additional appointments at the hospital for QST.
Procedure for QST measurements
Sensory profile investigation included the following QST measurements: cold detection threshold (CDT), warmth detection threshold (WDT), cold pain threshold (CPT), heat pain threshold (HPT), and pressure pain threshold (PPT). A standardized QST protocol [13, 14] was applied for all patients. CDT and WDT, and subsequently CPT and HPT, were measured using a thermic stimulator (Somedic, Hörby, Sweden). A thermode containing a Peltier element with a stimulating area of 25 × 50 mm was used. CDT, WDT, CPT, and HPT reportedly show a high degree of repeatability in healthy subjects [15] , and acceptable repeatability in patients with sciatica [10] . For thermal tests, the baseline temperature was 32°C, and the temperature was decreased or increased at a rate of 1°C/s within a range of 10-50°C. During the thermal measurements, the thermode was held on the test site. When measuring CDT or WDT, the patients were instructed to push a stop button when they first perceived a decreasing temperature or an increasing temperature, respectively. For CPT or HPT measurements, respectively, patients were instructed to push the stop button when the cold or heat sensation was first perceived as painful [13, 14] . Thermal measurements were performed on the following seven body regions: lower back (2 cm lateral of the spinal column on the most painful side, i.e., the symptomatic side), thighs (lower part of quadriceps muscle, 7-10 cm above the patella upper border, bilaterally), and lower legs (upper part of tibialis anterior muscle, 7-10 cm below the patella lower border, bilaterally) and two non-affected body-regions according to the degenerative lumbar spine disorders; hand (thenar eminence muscle on the dominant hand) and upper back (on the lower thoracic spine, contralateral to the lower back region). The two nonaffected body regions were added to detect if there were patients with generalized alteration in sensory profile. Each thermal measurement was repeated five times, and the mean value was calculated for each patient.
PPT was measured using a handheld electrical pressure algometer (Somedic, Hörby, Sweden) with a 1-cm diameter probe. The patient was instructed to state when the pressure started to become painful, at which point the applied pressure was released [13, 14] . Pressure was applied at a rate of 30 kPa/s up to a maximal pressure of 700 kPa. PPT was measured once at each of five body regions, which included the same body regions used for thermal measurements, excluding the two spinal regions.
QST measurements were performed 1 to 2 weeks prior to surgery by a single investigator, a physiotherapist working at the Spine clinic. During QST measurements, the patients were comfortably seated or lying down in a quiet room with an air temperature of 22°C. At the start of testing, patients were asked to use a visual analogue scale (VAS) to rate the average pain intensity in their back and legs during the last 2 weeks, as well as their current pain intensity at rest [16] . The patient's most symptomatic side in the back or leg was also registered. The patients reported whether they had been able to refrain from using any stronger analgesics during the 24 h prior to QST, as had been recommended. In cases of analgesic use, the dosage was documented. Each test was initially performed on the non-dominant hand, with the purpose of familiarizing the patient with the QST protocol. These tests were not included in the analysis. Subsequently, the thermal sensory measurements were performed and finally the PPT measurements.
Evaluation of function, pain, and health
To collect demographics and data regarding function, pain, and health pre-surgery the patients completed the questionnaire from the Swedish National Spine Register for spinal surgery patients (SweSpine) [12] and complementary questionnaires, including pain drawing [17] , the Hospital Anxiety and Depression Scale (HADS) [18] , the Self-Efficacy Scale (SES) [19] , the fear avoidance beliefs questionnaire (FABQ) [20] , and questions about lifestyle habits and expectations. Data regarding function, pain and health (EQ-5D, HADS and SES) was also collected 3 months post-surgery.
Function was measured using Oswestry Disability Index (ODI) [21] , which includes ten items related to different functions and back pain, with six answer options (0-5) for each item, generating a sum score of between 0-100% disability [21] . ODI is the most commonly used instrument for this purpose [22, 23] . The patients rated their pain intensity the last week in the back and legs using a VAS with a horizontal line of 0-100 mm containing endpoints named "no pain" and "worse imaginable pain" [16] . Patients also reported their pain duration in the back and legs, with responses including "I don't have pain", "less than 3 months", "3 to 12 months," "1 to 2 years," and "more than 2 years". A pain drawing was used to identify whether patients had unilateral, bilateral, or no leg pain, as well as pain distribution in other body regions [17] . ODI and VAS pain are recommended instruments for measuring function and pain, respectively, in chronic LBP [22] and after spine surgery [24] , with respect to validity and responsiveness [22, 24] .
Health-related quality of life was measured using the European Quality of Life instrument (EQ-5D) [25, 26] , which includes two scales: EQ-index and EQ-VAS. EQindex includes five dimensions; mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. Each dimension receives a score of 1-3, based on three possible answer options: "no problems", "some problems", "extreme problems". The final EQ-index ranges from −0.594 to 1, with a higher score indicating better health status. The EQ-VAS is a 20 cm vertical scale ranging from a score of 0 indicating the "worst imaginable health state" (score 0) to a score of 100 indicating the "best imaginable health state". EQ-5D is one of the five most commonly used questionnaires to measure healthrelated quality of life [22] . Mean EQ-5D index has been reported as 0.86 in a population in the UK, 0.84 in a Swedish population, and 0.66 among responders in the Swedish population with LBP [27] .
Health was also measured with the Short Form Health Survey (SF-36) [28] , which includes eight multi-items scales: bodily pain; vitality; general mental health; general health perceptions; limitations in physical functioning; limitations in usual role activities due to physical health; limitations in usual role activities due to personal and emotional problems; and limitations in social functioning due to physical or mental health problems. The subscales are summarized as physical and mental health component summary scores (PCS and MCS, respectively), each ranging from 0-100 with a higher score indicating better health [28] . Studies in a general population in Sweden show that the SF-36 has satisfactory reliability, construct-based validity, [29, 30] and criterion-based validity [31] . Another study reported that the EQ-5D, SF-36 PCS, and SF-36 MCS show a medium responsiveness after lumbar surgery, while the SF-36 total score shows low responsiveness [24] .
Symptoms of depression and anxiety was measured using the Hospital Anxiety and Depression Scale (HADS) [18] , which includes seven items for anxiety and seven items for depression. The HADS total score ranges from 0-21, with a higher score indicating more signs of anxiety or depression. The Swedish version of HADS is reportedly a robust instrument with regard to reliability, discriminant validity, concurrent validity, and ability to be a case finder for anxiety and depression [32] .
The Self-Efficacy Scale (SES) is a 20-item scale for assessing a patient's confidence regarding activities of daily living [19] . The scores range from 0 indicating "not at all confident" to 10 indicating "very confident", with a higher score indicating better self-efficacy. The English version was developed for use in patients with LBP, and shows good internal consistency [19] . The Swedish version has been modified to be suitable for use in patients with all kinds of pain [33] , shown good internal consistency [34] and test-retest reliability among patients with whiplash-associated disorder (WAD) [35] .
Fear avoidance was measured using FABQ [20] , which is a 16-item questionnaire focused on a patient's beliefs. FABQ questions comprise a 4-item subscale describing how physical activity affects the patient's pain (FABQ-PA).
Each item is answered on a 7-grade scale, where a higher number indicates a higher level of fear avoidance beliefs. The English version of FABQ shows good test-retest reliability and internal consistency in patients with chronic LBP [20] , and the Swedish version shows good internal consistency among patients with whiplashassociated disorder [34] .
Statistical methods
Statistical analysis was performed using IBM SPSS statistics version 23. The level of significance was set to P = 0.05.
Sample size calculation: Using CPT, HPT and PPT as outcomes at least 23 patients in each group were required based on calculations from a previous study that compared healthy subjects and subjects with chronic WAD [14] . For comparison between two groups of patients at least 17 patients in each group was required, based on sample size calculation in two subgroups of patients with WAD [13] . Sample size calculations were done using the computer program Power and Sample Size Calculations, version. 3.0.43 Vanderbilt University, US [36] .
Patient demographics were analyzed using descriptive statistics, and are presented as mean and SD for continuous variables, and as frequencies and percentages for categorical variables. For between-group comparisons of demographic data, function, pain, and health, the unpaired Student's t-test or Mann-Whitney U test for continuous variables, and the Chi-Square test or Fisher Exact probability test for categorical variables were used. In the t-test, if Levine's test was significant, the P value for "equal variance not assumed" was reported.
The data in the sensory profiles data were compared with reference data, obtained of healthy subjects from studies of the German Research Network on Neuropathic Pain (DFNS) [37, 38] . QST data for the hand, thigh, and lower leg were compared with reference data for hand and feet from Magerl et al. [37] . QST data regarding the upper and lower back were compared with reference data reported by Pfau et al. [38] . CDT, WDT, and PPT were log-transformed. To compare the patient's sensory profile with reference data, all QST data were standardized with Z-transformation, meaning that each QST value was matched for age and sex in the reference values [3] . The following expression was used for Z-transformation:
A Z-score of < −2 or >2 is outside of the 95% confidence interval (CI) of a normal standard distribution for healthy subjects [39] . Moreover, Z-score values of <0 indicate a loss of sensory function, while Z-score values of >0 indicate r a gain of sensory function [39] . For the comparison between symptomatic and non-symptomatic body regions in the legs, as identified by the pain drawing, only the patients with unilateral leg pain were included.
An altered somatosensory profile was defined as having two or more body regions including a normally non-affected body region, i.e., the hand and/or upper back-with a Z-score of < −2 or >2 compared to reference data for CDT, WDT, CPT, HPT, or PPT. Table 1 presents demographic data and self-reported function, pain, and health for the 105 patients. The mean age was 59.8 ± 12.9 years, and the cohort included 55 women (52%). The represented degenerative lumbar spine disorders included spinal stenosis (n = 61; 58.1%), disc herniation (n = 30; 28.6%), degenerative disc disease (DDD; n = 8; 7.6%), and spondylolysis/ spondylolisthesis (n = 6; 5.7%). Patients with spinal stenosis were significantly older (67.6 ± 7.6 years) than patients with disc herniation (47.7 ± 11.4 years; P < 0.001). A pain duration of > 2 years was reported by 55 patients (52.5%), and was significantly more common among patients with spinal stenosis compared to patients with disc herniation (P = 0.003).
Results

Demographics
Somatosensory profiles of patients on a group level compared to reference data
On a group level the somatosensory profiles of the patients showed that all QST measurements had mean Z-score values between −2 and 2, meaning that the group values were within the 95% CI of the reference data (Fig. 1) . The Z-scores for CDT and HPT were below "0" in all body regions tested. The Z-scores for WDT were below "0" in all body regions except for symptomatic and non-symptomatic thigh. Furthermore, the Z-scores for CPT were above "0" in all body regions tested. Forty-eight patients had unilateral pain with no significant differences between symptomatic and non-symptomatic side in the thigh or lower leg (Fig. 1) .
Proportion of patients on an individual level with altered somatosensory profile
A total of 23 patients had altered somatosensory profiles for at least one QST measurement in the hand or upper back and at least one additional body region (Table 2 ). Compared to the other 82 patients, the patients with altered somatosensory profiles had a significantly higher mean age. Additionally, more women than men had an altered somatosensory profile. The two groups showed no significant differences in the proportions of patients with spinal stenosis and disc herniation, or the proportions of patients with pain duration of greater than 2 years. Of the 23 patients with altered somatosensory profiles, 19 (83%) had Z-scores of < −2 in one of the QST measurements in at least two body regions compared to the reference data, indicating that they had loss of sensory function. The remaining 4 patients with altered somatosensory profiles showed Z-scores of >2 compared to references data, indicating that they had a gain of sensory function and were more sensitive for one test in at least two body regions. Z-scores of < −2 or >2 were observed in all QST measurements (CDT, WDT, CPT, HPT and PPT), except for Z-scores of < −2 in CPT.
Function, pain, and health in patients with or without altered somatosensory profile before and after surgery Compared to patients without an altered somatosensory profile, those with an altered somatosensory profile reported significantly higher pre-surgery back and leg pain VAS and lower score on SF-36 MCS ( Table 2 ). The postsurgery results showed no significant differences between the groups but there was a tendency towards worse function, pain and health in the group with altered somatosensory profile pre-surgery. Pain drawings pre-surgery showed that patients with altered somatosensory profile had larger distribution of pain than the rest of the cohort (P = 0.047).
Discussion
In line with the study's aim to investigate the proportion of individuals showing an altered somatosensory profile, 22% of patients were detected. These patients had alterations outside of normal range in two or more body regions, including a non-affected region. This can be considered a sign of generalized alteration of somatosensory function. Most of these patients had loss of sensory function. The group with altered somatosensory profile showed worse back and leg pain VAS and SF-36 MCS before surgery, and also had larger distribution of pain as reported in pain drawings pre-surgery. The 3 months post-surgery results with patient reported outcome measures could not confirm the pre-surgery differences between the group withrespectively without altered somatosensory function, but it showed a tendency with worse function, pain and health in the group with altered somatosensory profile before surgery. The study does not have the power to detect small differences since the group with altered somatosensory profile turned out to be small. Considering that 20-35% of the patients with spinal stenosis and disc herniation are doubtful or dissatisfied with the results at 1-year follow up post-surgery [12] , it still needs to be proven if the use of a somatosensory profile could be helpful to understand effects of treatment in larger studies. . Z-scores were calculated to standardize the study population values according to the mean and SD from the reference data [37, 38] . A Z-score of >0 indicates a gain of function where the patient is more sensitive, while a Z-score of <0 indicates a loss of function where the patient is less sensitive to test stimuli compared to controls. A Z-score of between −2 and 2 indicates that data is within the 95% confidence interval of the normal standard distribution [39] . CDT, cold detection threshold; WDT, warm detection threshold; CPT, cold pain threshold; HPT, heat pain threshold, PPT, pressure pain threshold
When considering the other study aim, to describe somatosensory profiles of patients on a group level, Zscores for QST data compared to reference data showed that our cohort was within the 95% CI of the reference values [37, 38] . In many of the QST measurements, the patient group had a tendency to loss of sensory function (Z-score below "0"), while CPT showed a tendency to gain of sensory function (Z-score above "0") in all body regions tested, which means that the patient group had a tendency to be more sensitive to cold pain than the reference data.
The choice of QST measurements is of importance and in subjects with persistent pain, thermal pain thresholds are of greater importance than detection thresholds [40] . People are more sensitive to cold than warmth, partly because the receptors for cold are more superficially located and are present in larger amounts compared to receptors for warmth [41] . With regard to CPT, this patient cohort showed a tendency to gain of function (greater sensitivity) in all body regions compared to reference data. Greater sensitivity to cold could indicate disturbed sensory function [3] . Roussel et al. [42] reported conflicting results concerning responsiveness to various stimuli including different aspects of sensory testing in patients with chronic LBP. QST measurement in chronic nonspecific LBP divided into mechanical pain and non-mechanical pain showed higher odds for cold hyperalgesia in the non-mechanical than in the mechanical LBP group [43] . Also patients with acute non-specific LBP have shown increased sensitivity to cold pain as well as to mechanical stimuli in comparison to pain-free controls [44] . In patients with fibromyalgia higher sensitivity in CPT was associated with higher pain intensity, more tender points, and poorer sleep [40] . Beside CPT, PPT has been suggested as the most promising QST measurement to discriminating pain in osteoarthritis [45] and PPT and electrical pain detection thresholds in chronic LBP [46] . In patients QST Quantitative sensory testing, SD standard deviation, ODI Oswestry Disability Index (0-100) (higher score indicate higher disability), VAS visual analogue scale (0-100) (higher score indicate higher pain intensity); EQ-5D (− 0.594 -1) and EQ-VAS EuroQol (higher score indicate better health), HADS Hospital anxiety and depression scale (0-21) (higher score indicate more signs of symptoms), SES Self-Efficacy Scale scheduled for hip-or knee replacement, higher sensitivity to PPT in a non-affected body region was associated with higher pain intensity [47] . In the current study on group level, Z-scores for PPT for all body regions were close to "0", indicating that there were no differences in PPT compared to reference values. Studies point out that QST [48] or cold sensitivity [43] is one part of an examination, and should be seen together with other findings to further study the effects of different treatments.
Patients with altered somatosensory profile had mostly loss of sensory function in current study. Similar result with loss of sensory function pre-surgery has previous been presented in patients with disc herniation [11] , that study also reported that complete recovery after surgery was associated with normalization of QST. Another study reported a trend towards higher loss of sensory function in QST in patients with higher degree of nerve root compression in a cohort of patients with MRI verified disc herniation [49] . The patients with altered somatosensory profile in the current study were older and included more women, compared to the rest of the cohort, even though each individual QST measurement was compared to age and gender adjusted reference data in the Z-score. Therefore, we suggest that the different profile in this particular group is related to other factors, which can be potential mediators of outcomes after treatment. Associations between sensory profiles and psychological variables have also been reported in studies of non-specific LBP [50] , WAD [14] , and fibromyalgia [40] . To our knowledge, our present study is the first investigation of patients with degenerative lumbar spine disorders prior to surgery to report differences in pain intensity, mental health components and pain distribution in pain drawings between patients with or without altered sensory profiles.
Generalizability is one important issue. The questionnaires used are internationally recommended self-reported questionnaires of function, pain, and health providing a thorough biopsychosocial description of the patient cohort. In the study, all patients are screened by an orthopedic surgeon and assessed as suitable candidates for surgery, in a shared decision with the patient. The population is representative of the population scheduled for surgery in Sweden when compared to the population included in the national registry SweSpine with regard to the proportions of different diagnoses, ages, genders, functions, and pain [12] . Additionally, in the present study, all tests were performed by one independent physiotherapist, potentially strengthening reliability of the testing procedure.
It has been reported that QST may have predictive value for identifying allodynia and hyperalgesia [48] , but comparison with reference data is necessary for decisionmaking. In the current study, the best existing reference data was used, the DFNS reference data [37, 38] . However, this reference data has a broad range of variation in normal values -especially for CPT [37, 38] , which may limit the possibility of identifying patients with altered sensory profiles.
One limitation in the study was, in the protocol used in this study tests for cold stopped at +10°, while DFNS used 0°, indicating a risk for underestimation rather than overestimation of the results. When CPT in reference data had the broad normal range 32-0°C in most age groups [37, 38] , that difference in degrees at end-points had minor influence on the result. Another limitation was that as there were no reference data available for thigh and lower leg, reference data for the foot were used instead [37] . Although this was not optimal, CPT and HPT measurements are generally quite uniform among different body regions [3] . Moreover, PPT measured on muscle tissue shows less variability between body regions compared to measurements on bone or nailbed tissue [51] . PPT measurements on thigh and lower leg were on muscle tissue, suggesting minimal influence of variability regarding the use of foot reference data.
Conclusions
On a group level, patients with degenerative lumbar spine disorders scheduled for surgery were within the normal range for the QST measurements compared to age and gender adjusted reference values. This might be interpreted as a well-selected patient group for surgery according to QST. However, on an individual level, 22% of the patients showed altered somatosensory profiles, when defined as alterations in two or more body regions, including a non-affected region, which may indicate disturbed somatosensory function. These patients had mostly loss of sensory function and reported worse pain and mental health components as well as larger pain distribution pre-surgery compared to the rest of the cohort. Differences 3 months post-surgery could not be confirmed partly due to limited study power. It remains to be determined whether baseline QST measurements have predictive value, and whether change over time is important for the outcome following interventions. 
